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Preface

Foreword

My journey to learn and better understand Linux began over a decade ago, back in 1998. | had just installed my first
Linux distribution and had quickly become intrigued with the whole concept and philosophy behind Linux.

There are always many ways to accomplish a single task. The same can be said about Linux distributions. A great
many have existed over the years. Some till exist, some have morphed into something else, yet others have been
relegated to our memories. They all do things differently to suit the needs of their target audience. Because so many
different ways to accomplish the same end goal exist, | began to realize | no longer had to be limited by any one
implementation. Prior to discovering Linux, we simply put up with issuesin other Operating Systems as you had no
choice. It was what it was, whether you liked it or not. With Linux, the concept of choice began to emerge. If you
didn't like something, you were free, even encouraged, to changeit.

| tried a number of distributions and could not decide on any one. They were great systems in their own right. It
wasn't a matter of right and wrong anymore. It had become a matter of personal taste. With all that choice available,
it became apparent that there would not be a single system that would be perfect for me. So | set out to create my
own Linux system that would fully conform to my personal preferences.

To truly make it my own system, | resolved to compile everything from source code instead of using pre-compiled
binary packages. This “perfect” Linux system would have the strengths of various systems without their perceived
weaknesses. At first, the ideawas rather daunting. | remained committed to theideathat such a system could be built.

After sorting through issues such as circular dependencies and compile-time errors, | finally built a custom-built
Linux system. It was fully operational and perfectly usable like any of the other Linux systems out there at the time.
But it was my own creation. It was very satisfying to have put together such a system myself. The only thing better
would have been to create each piece of software myself. Thiswas the next best thing.

Asl| shared my goals and experiences with other members of the Linux community, it became apparent that there was
asustained interest in theseideas. It quickly became plain that such custom-built Linux systems serve not only to meet
user specific requirements, but also serve asan ideal |earning opportunity for programmers and system administrators
to enhance their (existing) Linux skills. Out of this broadened interest, the Linux From Scratch Project was born.

This Linux From Scratch book is the central core around that project. It provides the background and instructions
necessary for you to design and build your own system. While this book provides a template that will result in a
correctly working system, you are free to ater the instructions to suit yourself, which is, in part, an important part of
this project. Y ou remain in control; we just lend a helping hand to get you started on your own journey.

| sincerely hope you will have agreat timeworking on your own Linux From Scratch system and enjoy the numerous
benefits of having a system that is truly your own.

Gerard Beekmans
gerard@linuxfromscratch.org

Audience

There are many reasons why you would want to read this book. One of the questions many people raise is, “why
go through al the hassle of manually building a Linux system from scratch when you can just download and install
an existing one?’

viii



Linux From Scratch - Version 6.8

One important reason for this project's existence is to help you learn how a Linux system works from the inside out.
Building an LFS system helps demonstrate what makes Linux tick, and how things work together and depend on
each other. One of the best things that thislearning experience can provide isthe ability to customize aLinux system
to suit your own unique needs.

Another key benefit of LFSisthat it alows you to have more control over the system without relying on someone
else's Linux implementation. With LFS, you arein the driver's seat and dictate every aspect of the system.

LFS allowsyou to create very compact Linux systems. When installing regular distributions, you are often forced to
install a great many programs which are probably never used or understood. These programs waste resources. Y ou
may argue that with today's hard drive and CPUs, such resources are no longer a consideration. Sometimes, however,
you are still constrained by size considerationsif nothing else. Think about bootable CDs, USB sticks, and embedded
systems. Those are areas where LFS can be beneficial.

Another advantage of a custom built Linux system is security. By compiling the entire system from source code, you
are empowered to audit everything and apply all the security patches desired. It is no longer necessary to wait for
somebody else to compile binary packages that fix a security hole. Unless you examine the patch and implement it
yourself, you have no guarantee that the new binary package was built correctly and adequately fixes the problem.

The goal of Linux From Scratch is to build a complete and usable foundation-level system. If you do not wish to
build your own Linux system from scratch, you may not entirely benefit from the information in this book.

There are too many other good reasons to build your own LFS system to list them all here. In the end, education
is by far the most powerful of reasons. As you continue in your LFS experience, you will discover the power that
information and knowledge truly bring.

LFS Target Architectures

The primary target architecture of LFS is the 32-bit Intel CPU. If you have not built an LFS system before, you
should probably start with that target. The 32-bit architecture is the most widely supported Linux system and is most
compatible with both open source and proprietary software.

On the other hand, the instructionsin thisbook are known to work, with some modifications, with both Power PC and
64-bit AMD/Intel CPUs. To build asystem that utilizes one of these CPUs, the main prerequisite, in addition to those
on the next few pages, isan existing Linux system such asan earlier LFSinstallation, Ubuntu, Red Hat/Fedora, SUSE,
or other distribution that targets the architecture that you have. Also note that a 32-bit distribution can be installed
and used as a host system on a 64-bit AMD/Intel computer.

Some other facts about 64-bit systems need to be added here. When compared to a 32-bit system, the sizes of
executable programs are slightly larger and the execution speeds are only slightly faster. For example, in atest build
of LFS-6.5 on a Core2Duo CPU based system, the following statistics were measured:

Architecture Build Time Build Size
32-bit 198.5 m nutes 648 MB
64- bi t 190.6 m nutes 709 MB

As you can see, the 64-bit build is only 4% faster and is 9% larger than the 32-bit build. The gain from going to a
64-bit system is relatively minimal. Of course, if you have more than 4GB of RAM or want to manipulate data that
exceeds 4GB, the advantages of a 64-bit system are substantial.
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The default 64-bit build that results from LFS is considered a "pure" 64-bit system. That is, it supports 64-bit
executables only. Building a"multi-lib" system requires compiling many applicationstwice, once for a 32-bit system
and once for a 64-bit system. Thisis not directly supported in LFS because it would interfere with the educational
objective of providing the instructions needed for a straightforward base Linux system. Y ou can refer to the Cross
Linux From Scratch project for this advanced topic.

There is one last comment about 64-bit systems. There are some packages that cannot currently be built in a"pure"
64-bit system or require specialized build instructions. Generally, these packages have some embedded 32-bit specific
assembly language instructions that fail when building on a 64-bit system. This includes some Xorg drivers from
Beyond Linux From Scratch (BLFS). Many of these problems can be worked around, but may require some specialized
procedures or patches.

LFS and Standards

The structure of LFS follows Linux standards as closely as possible. The primary standards are:

» The Sngle UNIX Specification Version 3 (POS X). Note: Free registration is required.
» Filesystem Hierarchy Sandard (FHS)
* Linux Standard Base (LSB) Core Specification 4.0

The LSB has five separate standards: Core, C++, Desktop, Runtime Languages, and Printing. In addition
to generic requirements there are al so architecture specific requirements. LFS attempts to conform to the
architectures discussed in the previous section.

Note

Many people do not agree with the requirements of the LSB. The main purpose of defining itisto
ensure that proprietary software will be able to be installed and run properly on a compliant system.
Since LFSis source based, the user has complete control over what packages are desired and many
choose not to install some packages that are specified by the L SB.

Creating a complete LFS system capable of passing the LSB certifications tests is possible, but not without many
additional packagesthat are beyond the scope of LFS. Most of these additional packages haveinstallation instructions
in BLFS.

Packages supplied by LFS needed to satisfy the LSB Requirements

LB Core: Bash, Binutils, Coreutils, Diffutils, File, Findutils, Gawk, Grep, Gzip, M4,
Man-DB, Ncurses, Procps, Psmisc, Sed, Shadow, Tar, Util-linux, Zlib

LSB C++: Gcece

LB Desktop: None

LB Runtime Languages: Perl

LSB Printing: None

LSB Multimeda: None

Packages supplied by BLFS needed to satisfy the LSB Requirements
LB Core: Bc, Cpio, Ed, Fcrontab, PAM, Sendmail (or Postfix or Exim)
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LB C++: None

LB Desktop: ATK, Cairo, Desktop-file-utils, Freetype, Fontconfig, Glib2, GTK+2,
Icon-naming-utils, Libjpeg, Libpng, Libxml2, MesalLib, Pango, Qt3, Qt4, Xorg

LSB Runtime Languages: Python

LSB Printing: CUPS

LB Multimeda: AlsaLibraries, NSPR, NSS, OpenSSL, Java

Packages not supplied by LFS or BLFS needed to satisfy the LSB Requirements

LSB Core: At, Batch, Install_initd, Lsb_release, Remove initd, Test
LB C++: None

LSB Desktop: None

LB Runtime Languages. None

LSB Printing: None

LSB Multimeda: Xdg-utils

Rationale for Packages in the Book

Asstated earlier, the goal of LFSisto build acomplete and usable foundation-level system. Thisincludesall packages
needed to replicate itself while providing arelatively minimal base from which to customize a more compl ete system
based on the choices of the user. This does not mean that LFS is the smallest system possible. Several important
packages are included that are not strictly required. The lists below document the rationale for each package in the
book.

Autoconf

This package contains programs for producing shell scripts that can automatically configure source code from a
developer'stemplate. It is often needed to rebuild a package after updates to the build procedures.

Automake

This package contains programs for generating Make files from atemplate. It is often needed to rebuild a
package after updates to the build procedures.

Bash

This package satisfies an LSB core requirement to provide a Bourne Shell interface to the system. It was chosen
over other shell packages because of its common usage and extensive capabilities beyond basic shell functions.

Binutils

This package contains a linker, an assembler, and other tools for handling object files. The programsin this
package are needed to compile most of the packagesin an LFS system and beyond.

Bison

This package contains the GNU version of yacc (Y et Another Compiler Compiler) needed to build several other
LFS programs.

Bzip2
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This package contains programs for compressing and decompressing files. It is required to decompress many
LFS packages.

Coreutils

This package contains a number of essential programs for viewing and manipulating files and directories. These
programs are needed for command line file management, and are necessary for the installation procedures of
every packagein LFS.

DejaGNU
This package contains a framework for testing other programs. It is only installed in the temporary toolchain.
Diffutils

This package contains programs that show the differences between files or directories. These programs can be
used to create patches, and are also used in many packages build procedures.

Expect

This package contains a program for carrying out scripted dialogues with other interactive programs. It is
commonly used for testing other packages. It is only installed in the temporary toolchain.

E2fsprogs

This package contains the utilities for handling the ext2, ext3 and ext4 file systems. These are the most common
and thoroughly tested file systems that Linux supports.

File

This package contains a utility for determining the type of agiven file or files. A few packages need it to build.
Findutils

This package contains programsto find filesin afile system. It is used in many packages build scripts.

Flex

This package contains a utility for generating programs that recognize patterns in text. It isthe GNU version of
thelex (lexical analyzer) program. It isrequired to build several LFS packages.

Gawk

This package contains programs for manipulating text files. It isthe GNU version of awk
(Aho-Weinberg-Kernighan). It is used in many other packages build scripts.

Gce

This package is the Gnu Compiler Collection. It contains the C and C++ compilers as well as several others not
built by LFS.

GDBM

This package contains the GNU Database Manager library. It is used by one other LFS package, Man-DB.
Gettext

This package contains utilities and libraries for internationalization and localization of numerous packages.
Glibc

This package contains the main C library. Linux programs would not run without it.
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GMP

This package contains math libraries that provide useful functions for arbitrary precision arithmetic. It is required
to build Gcec.

Grep

This package contains programs for searching through files. These programs are used by most packages build
scripts.

Groff

This package contains programs for processing and formatting text. One important function of these programsis
to format man pages.

GRUB

This package is the Grand Unified Boot Loader. It is one of severa boot loaders available, but is the most
flexible.

Gzip

This package contains programs for compressing and decompressing files. It is needed to decompress many
packagesin LFS and beyond.

lana-etc

This package provides data for network services and protocols. It is heeded to enable proper networking
capabilities.

Inetutils

This package contains programs for basic network administration.

| Proute2

This package contains programs for basic and advanced 1Pv4 and | Pv6 networking. It was chosen over the other
common network tools package (net-tools) for its IPv6 capabilities.

Kbd

This package contains key-table files, keyboard utilities for non-US keyboards, and a number of console fonts.
Less

This package contains a very nice text file viewer that allows scrolling up or down when viewing afile. It isalso
used by Man-DB for viewing manpages.

Libtool

This package contains the GNU generic library support script. It wraps the complexity of using shared libraries
in a consistent, portable interface. It is needed by the test suitesin other LFS packages.

Linux Kernel

This package is the Operating System. It isthe Linux in the GNU/Linux environment.

M4

This package contains a general text macro processor useful as a build tool for other programs.

Make
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This package contains a program for directing the building of packages. It is required by almost every packagein
LFS.

Man-DB

This package contains programs for finding and viewing man pages. It was chosen instead of the man package
due to superior internationalization capabilities. It supplies the man program.

Man-pages
This package contains the actual contents of the basic Linux man pages.
Module-Init-Tools

This package contains programs needed to administer Linux kernel modules.
MPC

This package contains functions for the arithmetic of complex numbers. It is required by Gcc.
MPFR

This package contains functions for multiple precision arithmetic. It is required by Gcc.
Ncurses

This package contains libraries for terminal-independent handling of character screens. It is often used to provide
cursor control for amenuing system. It is needed by a number of packagesin LFS.

Patch

This package contains a program for modifying or creating files by applying a patch file typically created by the
diff program. It is needed by the build procedure for several LFS packages.

Perl

This package is an interpreter for the runtime language PERL. It is needed for the installation and test suites of
severa LFS packages.

Pkg-config

This package contains atool for passing the include path and/or library paths to build tools during the configure
and make processes. It is needed by many LFS packages.

Procps

This package contains programs for monitoring processes. These programs are useful for system administration,
and are also used by the LFS Bootscripts.

Psmisc
This package contains programs for displaying information about running processes. These programs are useful
for system administration.

Readline

This package is a set of libraries that offers command-line editing and history capabilities. It is used by Bash.
Sed

This package allows editing of text without opening it in atext editor. It is also needed by most LFS packages
configure scripts.

Xiv



Linux From Scratch - Version 6.8

* Shadow

This package contains programs for handling passwords in a secure way.
» Sysklogd
This package contains programs for logging system messages, such as those given by the kernel or daemon
processes when unusual events occur.
* Sysvinit
This package provides the init program, which is the parent of all other processes on the Linux system.
e Tar
This package provides archiving and extraction capabilities of virtually all packages used in LFS.
e Tcl

This package contains the Tool Command Language used in many test suitesin LFS packages. It isonly
installed in the temporary toolchain.

e Texinfo

This package contains programs for reading, writing, and converting info pages. It isused in the installation
procedures of many LFS packages.

e Udev

This package contains programs for dynamic creation of device nodes. It is an alternative to creating thousands
of static devicesin the /dev directory.

 Util-linux
This package contains miscellaneous utility programs. Among them are utilities for handling file systems,
consoles, partitions, and messages.

* Vim
This package contains an editor. It was chosen because of its compatibility with the classic vi editor and its huge

number of powerful capabilities. An editor is avery personal choice for many users and any other editor could
be substituted if desired.

e XZ Utils
This package contains programs for compressing and decompressing files. It provides the highest compression
generally available and the useful for decompressing packages XZ or LZMA format.

« Zlib

This package contains compression and decompression routines used by some programs.

Prerequisites

Building an LFS system is not a simple task. It requires a certain level of existing knowledge of Unix system
administration in order to resolve problems and correctly execute the commands listed. In particular, as an absolute
minimum, you should already havethe ability to usethe command line (shell) to copy or movefilesand directories, list
directory and file contents, and change the current directory. It isalso expected that you have areasonable knowledge
of using and installing Linux software.
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Because the LFS book assumes at least thisbasic level of skill, the various LFS support forums are unlikely to be able
to provide you with much assistancein these areas. Y ou will find that your questions regarding such basic knowledge
will likely go unanswered or you will simply be referred to the LFS essential pre-reading list.

Before building an LFS system, we recommend reading the following HOWTOs:
» Software-Building-HOWTO http://www.tldp.org/HOWTO/Softwar e-Building-HOWTO.html

Thisis acomprehensive guide to building and installing “generic” Unix software packages under Linux.
Although it was written some time ago, it still provides a good summary of the basic techniques needed to build
and install software.

» TheLinux Users Guide http://mww.linuxhg.com/guides/LUG/guide.html

This guide covers the usage of assorted Linux software. Thisreference isalso fairly old, but still valid.

» The Essential Pre-Reading Hint http://www.linuxfromscratch.or g/hints/downloads/files/essential_prereading.txt

Thisisan LFS Hint written specifically for users new to Linux. It includes alist of linksto excellent sources of
information on awide range of topics. Anyone attempting to install LFS should have an understanding of many
of the topicsin this hint.

Host System Requirements

Y our host system should have the following software with the minimum versions indicated. This should not be an
issuefor most modern Linux distributions. Also note that many distributionswill place software headersinto separate
packages, often in the form of “<package-name>-devel” or “<package-name>-dev”. Be sure to install those if your
distribution provides them.

Earlier versions of the listed software packages may work, but has not been tested.

» Bash-3.2 (/bin/sh should be a symboalic or hard link to bash)

* Binutils-2.17 (Versions greater than 2.21 are not recommended as they have not been tested)
* Bison-2.3 (/usr/bin/yacc should be alink to bison or small script that executes bison)

* Bzip2-1.04

* Coreutils-6.9

 Diffutils-2.8.1

* Findutils-4.2.31

* Gawk-3.1.5 (/usr/binfawk should be alink to gawk)

* Gce-4.1.2 (Versions greater than 4.5.2 are not recommended as they have not been tested)
* Glibc-2.5.1 (Versions greater than 2.13 are not recommended as they have not been tested)
 Grep-2.5.1a

e Gzip-1.3.12

* Linux Kernel-2.6.22.5 (having been compiled with GCC-4.1.2 or greater)

The reason for the kernel version requirement is that we specify that version when building glibc in Chapter 6 at
the recommendation of the developers.

If the host kernel is either earlier than 2.6.22.5, or it was not compiled using a GCC-4.1.2 (or later) compiler,
you will need to replace the kernel with one adhering to the specifications. There are two ways you can go about
this. First, seeif your Linux vendor providesa 2.6.22.5 or later kernel package. If so, you may wish to install it.
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If your vendor doesn't offer an acceptable kernel package, or you would prefer not to install it, you can compile
akernel yourself. Instructions for compiling the kernel and configuring the boot loader (assuming the host uses
GRUB) are located in Chapter 8.

e M4-14.10
e Make-3.81
e Patch-25.4
e Perl-5.8.8
e Sed-4.1.5
e Tar-1.18

e Texinfo-4.9

Note that the symlinks mentioned above are required to build an LFS system using the instructions contained within
this book. Symlinksthat point to other software (such as dash, mawk, etc.) may work, but are not tested or supported
by the LFS development team, and may require either deviation from the instructions or additional patches to some
packages.
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To see whether your host system has all the appropriate versions, and the ability to compile programs, run the
following:

cat > versi on-check.sh << "ECOF"
#! / bi n/ bash
export LC ALL=C

# Sinple script to list version nunbers of critical devel opnent tools

bash --version | head -nl1 | cut -d" " -f2-4
echo "/bin/sh -> “readlink -f /bin/sh "
echo -n "Binutils: "; |Id --version | head -n1 | cut -d" " -f3-

bi son --version | head -nl

if [ -e /usr/bin/yacc ];
t hen echo "/usr/bin/yacc -> “readlink -f /usr/bin/yacc ";
el se echo "yacc not found"; fi

bzip2 --version 2>&1 < /dev/null | head -nl1 | cut -d" " -f1,6-

echo -n "Coreutils: "; chowm --version | head -n1 | cut -d")" -f2

diff --version | head -nl

find --version | head -nl

gawk --version | head -nl

if [ -e /usr/bin/awk ];
t hen echo "/usr/bin/awk -> “readlink -f /usr/bin/awk ";
el se echo "awk not found"; fi

gcc --version | head -nl

/lib/libc.so.6 | head -n1 | cut -d"," -f1

grep --version | head -nl

gzip --version | head -nl

cat /proc/version

md --version | head -nl

make --version | head -nl

patch --version | head -nl

echo Perl “perl -V:version

sed --version | head -nl

tar --version | head -nl

echo "Texinfo: “makeinfo --version | head -nl™"

echo "main(){}' > dumy.c && gcc -o dummy dummy.c

if [ -x dummy ]; then echo "Conpilation K"
el se echo "Conpilation failed"; fi

rm-f dummy.c dunmmy

ECF

bash ver si on-check. sh
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Typography
To make things easier to follow, there are a few typographical conventions used throughout this book. This section
contains some examples of the typographical format found throughout Linux From Scratch.

./configure --prefix=/usr

Thisform of text isdesigned to be typed exactly as seen unless otherwise noted in the surrounding text. It isalso used
in the explanation sections to identify which of the commands is being referenced.

In some cases, alogical lineis extended to two or more physical lines with a backslash at the end of the line.

CC="gcc -Blusr/bin/" ../binutils-2.18/ configure \
--prefix=/tools --disable-nls --disable-werror

Note that the backslash must be followed by an immediate return. Other whitespace characters like spaces or tab
characters will create incorrect results.

install-info: unknown option '--dir-file=/mt/lfs/usr/info/dir'

This form of text (fixed-width text) shows screen output, usually as the result of commands issued. This format is
also used to show filenames, suchas/ et ¢/ | d. so. conf.

Emphasis
Thisform of text isused for several purposesin the book. Its main purpose isto emphasize important points or items.
http://mww.linuxfromscratch.org/

This format is used for hyperlinks both within the LFS community and to external pages. It includes HOWTOs,
download locations, and websites.

cat > $LFS/etc/group << "ECF"
root: x: 0:
bi n: x: 1:

This format is used when creating configuration files. The first command tells the system to create the file
$LFS/ et ¢/ group from whatever is typed on the following lines until the sequence End Of File (EOF) is
encountered. Therefore, this entire section is generally typed as seen.

<REPLACED TEXT>

Thisformat is used to encapsulate text that is not to be typed as seen or for copy-and-paste operations.
[ OPTI ONAL TEXT]

Thisformat is used to encapsulate text that is optional.

passwd( 5)

Thisformat isused to refer to aspecific manual (man) page. The number inside parenthesesindicates aspecific section
inside the manuals. For example, passwd has two man pages. Per LFS installation instructions, those two man pages
will be located at / usr/ shar e/ man/ manl/ passwd. 1 and / usr/ shar e/ man/ man5/ passwd. 5. When
the book uses passwd( 5) it is specifically referring to / usr/ shar e/ man/ man5/ passwd. 5. man passwd
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will print the first man page it finds that matches “passwd”, which will be/ usr/ shar e/ man/ manl/ passwd.
1. For thisexample, you will need to run man 5 passwd in order to read the specific page being referred to. It should
be noted that most man pages do not have duplicate page names in different sections. Therefore, man <pr ogr am
name> is generally sufficient.

Structure

This book is divided into the following parts.

Part | - Introduction

Part | explains a few important notes on how to proceed with the LFS installation. This section also provides
meta-information about the book.

Part Il - Preparing for the Build

Part Il describes how to prepare for the building process—making a partition, downloading the packages, and
compiling temporary tools.

Part Ill - Building the LFS System

Part I11 guides the reader through the building of the LFS system—compiling and installing all the packages one by
one, setting up the boot scripts, and installing the kernel. The resulting Linux system isthe foundation on which other
software can be built to expand the system as desired. At the end of this book, thereis an easy to use reference listing
all of the programs, libraries, and important files that have been installed.

Errata

The software used to create an LFS system is constantly being updated and enhanced. Security warnings and bug fixes
may become available after the LFS book has been released. To check whether the package versions or instructions
in this release of LFS need any modifications to accommodate security vulnerabilities or other bug fixes, please
visit http: //www.linuxfromscratch.or g/IfS/errata/6.8/ before proceeding with your build. Y ou should note any changes
shown and apply them to the relevant section of the book as you progress with building the LFS system.

XX


http://www.linuxfromscratch.org/lfs/errata/6.8/

Linux From Scratch - Version 6.8

Part I. Introduction



Linux From Scratch - Version 6.8

Chapter 1. Introduction
1.1. How to Build an LFS System

The LFS system will be built by using an aready installed Linux distribution (such as Debian, Mandriva, Red Hat, or
SUSE). Thisexisting Linux system (the host) will be used asa starting point to provide necessary programs, including
a compiler, linker, and shell, to build the new system. Select the “development” option during the distribution
installation to be able to access these tools.

Asan alternativeto installing a separate distribution onto your machine, you may wish to use the Linux From Scratch
LiveCD or aLiveCD from acommercial distribution. The LFS LiveCD workswell asahost system, providing all the
tools you need to successfully follow the instructions in this book. The LiveCD version is behind the current book,
but is till useful as ahost for building the current book. The “-nosrc” or “-min” editions of the LiveCD are the most
appropriate for building a current LFS system. For more information about the LFS LiveCD or to download a copy,
visit http://mwww.linuxfromscratch.org/livecd/.

Note

The LFS LiveCD might not work on newer hardware configurations, failing to boot or failing to detect
some devices such as some SATA hard drives.

Chapter 2 of this book describes how to create a new Linux native partition and file system. Thisis the place where
the new LFS system will be compiled and installed. Chapter 3 explains which packages and patches need to be
downloaded to build an LFS system and how to store them on the new file system. Chapter 4 discusses the setup of
an appropriate working environment. Please read Chapter 4 carefully asit explains several important issues you need
be aware of before beginning to work your way through Chapter 5 and beyond.

Chapter 5 explains the install ation of a number of packages that will form the basic development suite (or toolchain)
which is used to build the actual system in Chapter 6. Some of these packages are needed to resolve circular
dependencies—for example, to compile a compiler, you need a compiler.

Chapter 5 also shows you how to build afirst pass of the toolchain, including Binutils and GCC (first pass basically
means these two core packages will be reinstalled). The next step is to build Glibc, the C library. Glibc will be
compiled by the toolchain programs built in the first pass. Then, a second pass of the toolchain will be built. This
time, the toolchain will be dynamically linked against the newly built Glibc. The remaining Chapter 5 packages are
built using this second pass toolchain. When this is done, the LFS installation process will no longer depend on the
host distribution, with the exception of the running kernel.

This effort to isolate the new system from the host distribution may seem excessive. A full technical explanation as
to why thisis doneis provided in Section 5.2, “Toolchain Technical Notes”.

In Chapter 6, thefull LFS systemisbuilt. The chr oot (changeroot) programisused to enter avirtual environment and
start anew shell whose root directory will be set to the LFS partition. Thisisvery similar to rebooting and instructing
the kernel to mount the LFS partition as the root partition. The system does not actually reboot, but instead chroot's
because creating a bootable system requires additional work which is not necessary just yet. The mgjor advantage is
that “chrooting” allows you to continue using the host system while LFS is being built. While waiting for package
compilations to complete, you can continue using your computer as normal.

To finish the installation, the LFS-Bootscripts are set up in Chapter 7, and the kernel and boot loader are set up in
Chapter 8. Chapter 9 contains information on continuing the L FS experience beyond thisbook. After the stepsin this
book have been implemented, the computer will be ready to reboot into the new LFS system.

2


http://www.linuxfromscratch.org/livecd/

Linux From Scratch - Version 6.8

Thisisthe processin anutshell. Detailed information on each step is discussed in the following chapters and package
descriptions. Items that may seem complicated will be clarified, and everything will fall into place as you embark
on the LFS adventure.

1.2. What's new since the last release

Below isalist of package updates made since the previous release of the book.
Upgraded to:

» Autoconf 2.68
e Bash4.2

* Binutils2.21

* Bzip21.0.6

* Coreutils 8.10
» E2fsprogs1.41.14
* Expect 5.45

* File5.05

« GCC45.2

* Glibc2.13

o Grep 2.7

» Groff 1.21

* IPRoute2 2.6.37
* Libtool 2.4

* Linux 2.6.37

e M414.15

* Man-DB 2.5.9
* Man-pages 3.32
* Perl 5.12.3

e Psmisc 22.13

* Readline 6.2

» Shadow 4.1.4.3
e Tar1.25

e TCL 85.9

» Udev 166
Added:

* bzip2-1.0.6-install_docs-1.patch
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* coreutils-8.10-i18n-1.patch

* coreutils-8.10-uname-1.patch

* gcc-4.5.2-startfiles fix-1.patch

* glibc-2.13-gcc_fix-1.patch
 perl-5.12.3-libc-1.patch

* procps-3.2.8-fix_ HZ errors-1.patch
* xz-5.0.1

* util-linux-2.19

Removed:

* bash-4.1-fixes-2.patch

* bzip2-1.0.5-install_docs-1.patch
* bzip2-1.0.5-version_fixes-1.patch
* coreutils-8.5-118n-1.patch

* coreutils-8.5-uname-2.patch

o expect-5.44.1.15-no_tk-1.patch
» gcc-4.5.1-startfiles fix-1.patch

* glibc-2.12.1-gcc_fix-1.patch

» glibc-2.12.1-makefile fix-1.patch
* man-db-2.5.7-fix_man_assertion-1.patch
* perl-5.12.1-libc-1.patch

* tar-1.23-overflow_fix-1.patch

e util-linux-ng-2.18

1.3. Changelog

Thisisversion 6.8 of the Linux From Scratch book, dated March 4, 2011. If this book is more than six months old, a
newer and better version is probably already available. To find out, please check one of the mirrors via http://mww.
linuxfromscratch.org/mirrors.html.

Below isalist of changes made since the previous release of the book.
Changelog Entries:
» 2011-03-04
* [bdubbs] Release LFS 6.8.
e 2011-02-18
» [bdubbs] Fix several urlsin Chapter 3. Thanks to splotz90 for the patch.

 [bryan] Fix the sed in the CD-ROM symlinks section, to sync with upstream changes to the file being
modified.
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2011-02-16

» [matthew] Upgrade to Shadow-4.1.4.3. Fixes #2832.
» [matthew] Upgrade to Readline-6.2. Fixes #2831.

» [matthew] Upgrade to Bash-4.2. Fixes #2830.

» [matthew] Upgrade to Udev-166. Fixes #2829.
2011-02-10

 [bdubbs] Upgrade to coreutils-8.10. Fixes #2828.

* [bdubbs] Upgrade to Util-linux-2.19. Changed name from util-linux-ng. Fixes #2805.
2011-02-04

» [matthew] Upgrade to Glibc-2.13. Fixes #2827.

» [matthew] Upgrade to XZ-5.0.1. Fixes #2826.

o [matthew] Upgrade to Perl-5.12.3. Fixes #2824.
2011-01-27

 [bdubbs] Add a sed that modifies incorrect definesin glibc. Thanksto Bryan Kadzban for identifying the
proper fix. Fixes #2820.

2011-01-25

* [bdubbs] Add a note about optionally building popt before pkg-config. Fixes #2781.
2011-01-24

* [bdubbs] Move chroot man page to man8. Fixes #2782.

2011-01-23

» [matthew] Ignore failing testsin Man-DB as they're only due to a change in Groff-1.21's warning output.
Fixes #2823.

[matthew] Change password hashing from MD5 to SHA-512. Fixes #2814.
[matthew] Upgrade to File-5.05. Fixes #2821.

[matthew] Upgrade to IPRoute2-2.6.37. Fixes #2817.

[matthew] Upgrade to Coreutils-8.9. Fixes #2815.

2011-01-10

 [ken] Updated to Linux-2.6.37. Fixes #2816.

» [ken] Updated to Groff-1.21. Fixes #2813.

2011-01-04

* [bdubbs] Move XZ-Utilsto before Man-DB. Tweak install instructions.
2011-01-02

 [bdubbs] Added XZ-Utils as a new compression utility package for independent use or with tar. Fixes #2619.
2010-12-29

* [ken] Allow shadow to install its korean and chinese man-pages, since man-db can now format them. Thanks
to William Immendorf for the report. 5
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2010-12-28

» [matthew] Upgrade to E2fsprogs-1.41.14. Fixes #2812.

» [matthew] Upgrade to Coreutils-8.8. Fixes #2811.
2010-12-19

» [matthew] Upgrade to Udev-165. Fixes #2810.

» [matthew] Upgrade to GCC-4.5.2. Fixes #2809.

» [matthew] Upgrade to E2fsprogs-1.41.13. Fixes #2807.

2010-12-14

» [matthew] Upgrade to Glibc-2.12.2. Fixes #2804.
2010-12-13

» [matthew] Upgrade to Binutils-2.21. Fixes #2803.

» [matthew] Upgrade to Man-Pages-3.32. Fixes #2802.
o [matthew] Upgrade to Linux-2.6.36.2. Fixes #2799.
* [matthew] Upgrade to Man-DB-2.5.9. Fixes #2797.
2010-11-18

* [matthew] Upgrade to Man-Pages-3.31. Fixes #2794.
» [matthew] Upgrade to Expect-5.45. Fixes #2791.
2010-11-10

» [matthew] Add security fixesfor Glibc. Fixes #2790.
» [matthew] Upgrade to Man-Pages-3.30. Fixes #2788.
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» [matthew] Mention Inetutils testsuite, and also install its HTML documentation. Fixes #2784 and #2785
» [matthew] Upgradeto Tar-1.25, and also install its HTML documentation. Fixes #2777 and #2786.

2010-10-27

* [bdubbs] Add an example on how to use wget-list. Fixes #2778.

2010-10-26

 [bdubbs] Clarify text in Chapter 5 GCC Pass 1 concerning supporting packages.

2010-10-24

» [matthew] Upgrade to Udev-164. Fixes #2775.

* [matthew] Upgrade to Man-Pages-3.29. Fixes #2774.
» [matthew] Upgrade to Linux-2.6.36. Fixes #2773.

» [matthew] Upgrade to Coreutils-8.6. Fixes #2771.
2010-10-18

» [matthew] Upgrade to Bash 4.1 patch level 9. Fixes #2770.

 [matthew] Upgrade to Udev-163. Fixes#2769. ¢
» [matthew] Upgrade to Man-Pages-3.28. Fixes #2765.
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» [matthew] Upgrade to Linux-2.6.35.7. Fixes #2764.
» [matthew] Upgrade to Autoconf-2.68. Fixes #2763.
» [matthew] Upgrade to Libtool-2.4. Fixes #2762.

¢ 2010-09-22

» [matthew] Following r9370, fix the Autoconf underquoting bug in Autoconf itself, rather than just the one
affected LFS package, Pkg-config.

* [matthew] Upgrade to Linux-2.6.35.5. Fixes #2761.
» [matthew] Upgrade to Grep-2.7. Fixes #2760.
» [matthew] Upgrade to Bzip2-1.0.6. Fixes #2759.

» [matthew] Add patch to fix "Unknown HZ value" error in some procps tools. Thanks to DJ Lucas for the
report and patch. Fixes #2758.

» [matthew] Upgradeto Tcl-8.5.9. Fixes #2753.
» [matthew] Upgrade to Perl-5.12.2. Fixes #2752.
» [matthew] Upgrade to Psmisc-22.13. Fixes #2751.
o [matthew] Upgrade to Man-Pages-3.27. Fixes #2750.
» [matthew] Upgrade to Udev-162. Fixes #2747.
» [matthew] Upgrade to M4-1.4.15. Fixes #2744.
¢ 2010-09-18
¢ [bdubbs] - LFS-6.7 released.

1.4. Resources
1.4.1. FAQ

If during the building of the LFS system you encounter any errors, have any questions, or think thereisatypo in the
book, please start by consulting the Frequently Asked Questions (FAQ) that islocated at http: //www.linuxfromscratch.
org/fag/.

1.4.2. Mailing Lists

Thel i nuxfronscrat ch. or g server hostsanumber of mailing lists used for the devel opment of the LFS project.
These listsinclude the main devel opment and support lists, among others. If the FAQ does not solve the problem you
are having, the next step would be to search the mailing lists at http://www.linuxfromscratch.org/search.html.

For information on thedifferent lists, how to subscribe, archivelocations, and additional information, visit http://www.
linuxfromscratch.org/mail.html.

1.4.3. IRC

Several members of the LFS community offer assistance on our community Internet Relay Chat (IRC) network.
Before using this support, please make sure that your question is not already answered in the LFS FAQ or the mailing
list archives. You can find the IRC network at i rc. | i nuxfronscrat ch. or g. The support channel is named
#L FS-support.
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1.4.4. Mirror Sites

The LFS project has a number of world-wide mirrors to make accessing the website and downloading the required
packages more convenient. Please visit the LFS website at http: //maww.linuxfromscratch.org/mirrors.html for a list
of current mirrors.

1.4.5. Contact Information

Please direct all your questions and comments to one of the LFS mailing lists (see above).

1.5. Help

If an issue or a question is encountered while working through this book, please check the FAQ page at http://mwww.
linuxfromscratch.or g/fag/#generalfaq. Questions are often already answered there. If your question is not answered
onthispage, try to find the source of the problem. Thefollowing hint will give you some guidancefor troubleshooting:
http: //mwawww.linuxfromscratch.or g/hints/downl oads/files/errors.txt.

If you cannot find your problem listed in the FAQ, search the mailing lists at http: //mww.linuxfromscratch.org/sear ch.
html.

We aso have awonderful LFS community that is willing to offer assistance through the mailing lists and IRC (see
the Section 1.4, “Resources’ section of this book). However, we get several support questions every day and many
of them can be easily answered by going to the FAQ and by searching the mailing lists first. So, for us to offer the
best assistance possible, you need to do some research on your own first. That allows us to focus on the more unusual
support needs. If your searches do not produce a solution, please include all relevant information (mentioned below)
in your request for help.

1.5.1. Things to Mention
Apart from a brief explanation of the problem being experienced, the essential things to include in any request for
help are:
» Theversion of the book being used (in this case 6.8)
» The host distribution and version being used to create LFS
» The output from the Section vii, “Host System Requirements’ [xviii]
» The package or section the problem was encountered in
» The exact error message or symptom being received
» Note whether you have deviated from the book at all

Note

Deviating from this book does not mean that we will not help you. After all, LFS is about personal
preference. Being upfront about any changes to the established procedure helps us evaluate and determine
possible causes of your problem.

1.5.2. Configure Script Problems

If something goes wrong while running the configure script, review the conf i g. | og file. Thisfile may contain
errors encountered during configur e which were not printed to the screen. Include the relevant lines if you need to
ask for help.
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1.5.3. Compilation Problems

Both the screen output and the contents of various files are useful in determining the cause of compilation problems.
The screen output from the configur e script and the make run can be helpful. It is not necessary to include the entire
output, but do include enough of the relevant information. Below is an example of the type of information to include
from the screen output from make:

gcc - DALI ASPATH=\"/mt /| fs/usr/share/locale:.\"

-DLOCALEDI R=\ "/ mt /| fs/usr/share/l ocal e\"
-DLIBDIR=\"/mt/Ifs/usr/lib\"

- DI NCLUDEDI R=\ "/ mt /I fs/usr/include\" -DHAVE CONFIG H -1. -1.
-g -2 -c getoptl.c

gcc -g -2 -static -o nake ar.o arscan.o conmands.o dir.o
expand.o file.o function.o getopt.o inplicit.o job.o main.o
m sc.o read.o renmake.o rule.o signane.o variable.o vpath.o
default.o renote-stub.o version.o optl.o

-lutil job.o: In function "|oad_too_high'

[1fs/tnp/ make-3.79. 1/j ob. c: 1565: undefi ned reference

to " getl oadavg'

collect2: |Id returned 1 exit status

make[2]: *** [make] Error 1

make[ 2] : Leaving directory " /I|fs/tnp/ make-3.79.1

make[1]: *** [all-recursive] Error 1

make[ 1] : Leaving directory " /I|fs/tnp/ make-3.79.1'

make: *** [all-recursive-am Error 2

In this case, many people would just include the bottom section:
make [2]: *** [make] Error 1

Thisis not enough information to properly diagnose the problem because it only notes that something went wrong,
not what went wrong. The entire section, as in the example above, is what should be saved because it includes the
command that was executed and the associated error message(s).

An excellent article about asking for help on the Internet is available online at http://catb.
org/~esr/fags/smart-questions.html. Read and follow the hintsin this document to increase the likelihood of getting
the help you need.
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Part Il. Preparing for the Build
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Chapter 2. Preparing a New Partition

2.1. Introduction

In this chapter, the partition which will host the LFS system is prepared. We will create the partition itself, create
afile system on it, and mount it.

2.2. Creating a New Partition

Like most other operating systems, LFS is usually installed on a dedicated partition. The recommended approach to
building an LFS systemisto use an available empty partition or, if you have enough unpartitioned space, to create one.

A minimal system requires a partition of around 1.3 gigabytes (GB). Thisisenough to store all the source tarballs and
compile the packages. However, if the LFS system is intended to be the primary Linux system, additional software
will probably be installed which will require additional space (2-3 GB). The LFS system itself will not take up this
much room. A large portion of this requirement is to provide sufficient free temporary storage. Compiling packages
can require alot of disk space which will be reclaimed after the package is installed.

Because thereis not always enough Random Access Memory (RAM) available for compilation processes, it isagood
ideato use asmall disk partition asswap space. Thisis used by the kernel to store seldom-used data and leave more
memory available for active processes. The swap partition for an LFS system can be the same as the one used by
the host system, in which caseit is not necessary to create another one.

Start a disk partitioning program such as cfdisk or fdisk with acommand line option naming the hard disk on which
the new partition will be created—for example/ dev/ hda for the primary Integrated Drive Electronics (IDE) disk.
Create a Linux native partition and a swap partition, if needed. Please refer to cf di sk(8) or f di sk(8) if you
do not yet know how to use the programs.

Remember the designation of the new partition (e.g., hda5). This book will refer to this as the LFS partition. Also
remember the designation of the swap partition. These names will be needed later for the/ et c/ f st ab file.

2.2.1. Other Partition Issues

Requestsfor advice on system partitioning are often posted on the LFS mailing lists. Thisisahighly subjectivetopic.
The default for most distributionsis to use the entire drive with the exception of one small swap partition. Thisis not
optimal for LFSfor severa reasons. It reduces flexibility, makes sharing of data across multiple distributions or LFS
builds more difficult, makes backups more time consuming, and can waste disk space through inefficient allocation
of file system structures.

2.2.1.1. The Root Partition

A root LFS partition (not to be confused with the/ r oot directory) of ten gigabytesis agood compromise for most
systems. It provides enough space to build LFS and most of BLFS, but is small enough so that multiple partitions
can be easily created for experimentation.

2.2.1.2. The Swap Partition

Most distributions automatically create a swap partition. Generally the recommended size of the swap partition is
about twice the amount of physical RAM, however this is rarely needed. If disk space is limited, hold the swap
partition to two gigabytes and monitor the amount of disk swapping.
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Swapping is never good. Generally you can tell if asystem isswapping by just listening to disk activity and observing
how the system reacts to commands. The first reaction to swapping should be to check for an unreasonable command
such as trying to edit afive gigabyte file. If swapping becomes a normal occurance, the best solution is to purchase
more RAM for your system.

2.2.1.3. Convenience Partitions

There are several other partitions that are not required, but should be considered when designing a disk layout. The
following list is not comprehensive, but is meant as a guide.

* /boot — Highly recommended. Use this partition to store kernels and other booting information. To minimize
potential boot problems with larger disks, make this the first physical partition on your first disk drive. A
partition size of 100 megabytesis quite adequate.

» /home — Highly recommended. Share your home directory and user customization across multiple distributions
or LFS builds. The sizeis generally fairly large and depends on available disk space.

» Jusr — A separate /usr partition is generally used if providing a server for athin client or diskless workstation. It
isnormally not needed for LFS. A size of five gigabytes will handle most installations.

» /opt — Thisdirectory ismost useful for BLFS where multiple installations of large packages like Ghome or KDE
can be installed without embedding the filesin the /usr hierarchy. If used, five to ten gigabytesis generaly
adequate.

» /tmp — A separate /tmp directory israre, but useful if configuring athin client. This partition, if used, will usually
not need to exceed a couple of gigabytes.

 Jusr/src —This partition is very useful for providing alocation to store BLFS source files and share them across
LFSbuilds. It can also be used as alocation for building BLFS packages. A reasonably large partition of 30-50
gigabytes allows plenty of room.

Any separate partition that you want automatically mounted upon boot needs to be specified inthe/ et c/ f st ab.
Details about how to specify partitions will be discussed in Section 8.2, “Creating the /etc/fstab File”.

2.3. Creating a File System on the Partition

Now that a blank partition has been set up, the file system can be created. The most widely-used system in the
Linux world is the second extended file system (ext 2), but with newer high-capacity hard disks, journaling file
systems are becoming increasingly popular. The third extended filesystem (ext 3) is a widely used enhancement
to ext 2, which adds journaling capabilities and is compatible with the E2fsprogs utilities. We will create
an ext 3 file system. Instructions for creating other file systems can be found at http://www.linuxfromscratch.
org/blfsiview/svn/postlfs/filesystems.html.

To create an ext 3 file system on the LFS partition, run the following:
nke2fs -jv /dev/ <xxx>

Replace <xxx> with the name of the LFS partition (hda5 in our previous example).
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Note

Some host distributions use custom features in their filesystem creation tools (E2fsprogs). This can cause
problems when booting into your new LFS in Chapter 9, as those features will not be supported by the
LFS-installed E2fsprogs; you will get an error similar to “unsupported filesystem features, upgrade your
e2fsprogs’. To check if your host system uses custom enhancements, run the following command:

debugfs -R feature /dev/ <xxx>

If the output contains features other than has_j our nal ,ext _attr,resi ze_i node, di r _i ndex,
filetype,sparse_super,large file orneeds_recovery, thenyour host sysiem may have
custom enhancements. Inthat case, to avoid later problems, you should compilethe stock E2fsprogs package
and use the resulting binaries to re-create the filesystem on your LFS partition:

cd /tnp

tar -xzvf /path/to/sources/e2fsprogs-1.41.14.tar.gz
cd e2fsprogs-1.41. 14

nkdir -v build

cd build

../configure

make #note that we intentionally don't 'nmake install' here!
.Imsc/nke2fs -jv /dev/ <xxx>

cd /tnp

rm-rfv e2fsprogs-1.41.14

If you are using an existing swap partition, there is no need to format it. If anew swap partition was created,
it will need to beinitialized with this command:

nkswap /dev/ <yyy>

Replace <yyy> with the name of the swap partition.

2.4. Mounting the New Partition

Now that afile system has been created, the partition needs to be made accessible. In order to do this, the partition
needs to be mounted at a chosen mount point. For the purposes of this book, it is assumed that the file system is
mounted under / mt / | f s, but the directory choiceis up to you.

Choose amount point and assign it to the LFS environment variable by running:
export LFS=/mmt/Ifs
Next, create the mount point and mount the LFS file system by running:

nkdir -pv $LFS
mount -v -t ext3 /dev/<xxx> $LFS

Replace <xxx> with the designation of the LFS partition.
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If using multiple partitions for LFS (e.g., onefor / and another for / usr ), mount them using:

nkdir -pv $LFS

nmount -v -t ext3 /dev/<xxx> $LFS
nkdir -v $LFS/ usr

mount -v -t ext3 /dev/<yyy> $LFS/ usr

Replace <xxx> and <yyy> with the appropriate partition names.

Ensure that this new partition is not mounted with permissions that are too restrictive (such asthenosui d, nodev,
or noat i me options). Run the mount command without any parameters to see what options are set for the mounted
LFS partition. If nosui d, nodev, and/or noat i nme are set, the partition will need to be remounted.

If you are using aswap partition, ensure that it is enabled using the swapon command:

/ sbi n/ swapon -v /dev/<zzz>

Replace <zzz> with the name of the swap partition.

Now that there is an established place to work, it istime to download the packages.
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Chapter 3. Packages and Patches

3.1. Introduction

This chapter includes alist of packages that need to be downloaded in order to build abasic Linux system. Thelisted
version numbers correspond to versions of the software that are known to work, and this book is based on their use.
We highly recommend against using newer versions because the build commandsfor one version may not work with a
newer version. The newest package versions may also have problemsthat require work-arounds. These work-arounds
will be developed and stabilized in the development version of the book.

Download locations may not always be accessible. If a download location has changed since this book was
published, Google (http://mmw.google.conV) provides a useful search engine for most packages. If this search
is unsuccessful, try one of the aternative means of downloading discussed at http://mawww.linuxfromscratch.
org/lfs/packages.htmi#packages.

Downloaded packages and patches will need to be stored somewhere that is conveniently available throughout the
entire build. A working directory is also required to unpack the sources and build them. $LFS/ sour ces can be
used both asthe placeto store the tarballs and patches and as aworking directory. By using thisdirectory, therequired
elements will be located on the LFS partition and will be available during all stages of the building process.

To create this directory, execute the following command, as user r oot , before starting the download session:
nkdir -v $LFS/ sources

Make this directory writable and sticky. “Sticky” means that even if multiple users have write permission on a
directory, only the owner of afile can delete the file within a sticky directory. The following command will enable
the write and sticky modes:

chnod -v a+wt $LFS/ sources
An easy way to download all of the packages and patchesis by using wget-list as an input to wget. For example:
wget -i wget-list -P $LFS/ sources

3.2. All Packages

Download or otherwise obtain the following packages:

 Autoconf (2.68) - 1,350 KB:

Home page: http://www.gnu.or g/softwar e/autoconf/

Download: http://ftp.gnu.org/gnu/autoconf/autoconf-2.68.tar .bz2
MD5 sum: 864d785215aa60d627¢c91f cb21b05b07

* Automake (1.11.1) - 1,042 KB:

Home page: http://mww.gnu.or g/softwar e/automake/

Download: http://ftp.gnu.org/gnu/automake/automake-1.11.1.tar.bz2
MD5 sum: c2972c4d9b3e29c03d5f 2af 86249876f

» Bash (4.2) - 6,845 KB:

Home page: http://mww.gnu.or g/softwar e/bash/

Download: http://ftp.gnu.org/gnu/bash/bash-4.2.tar.gz

MD5 sum: 3f b927¢c7¢33022f 1¢327f 14a81c0d4b0
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* Binutils (2.21) - 18,304 KB:

Home page: http://www.gnu.or g/softwar e/binutils/

Download: http://ftp.gnu.org/gnu/binutils/binutils-2.21.tar.bz2
MD5 sum: c84c5acc9d266f 1a7044b51¢c85a823f 5

* Bison (2.4.3) - 1,614 KB:

Home page: http://www.gnu.or g/softwar e/ bison/
Download: http://ftp.gnu.org/gnu/bison/bison-2.4.3.tar.bz2
MD5 sum: c1d3ea81bc370dbd43b6f 0b2cd21287e

* Bzip2 (1.0.6) - 764 KB:

Home page: http://mww.bzip.org/

Download: http://www.bzip.org/1.0.6/bzip2-1.0.6.tar.gz
MD5 sum: 00b516f 4704d4a7cb50ald97e6e8el5b

* Coreutils (8.10) - 11,064 KB:

Home page: http://mww.gnu.or g/softwar e/coreutils/

Download: http://ftp.gnu.org/gnu/coreutils/coreutils-8.10.tar.gz
MD5 sum: 74d54d09f c5¢1bd3337127f 49¢88b1c5

* DgaGNU (1.4.4) - 1,055 KB:

Home page: http://mww.gnu.or g/softwar e/dejagnu/

Download: http://ftp.gnu.org/gnu/dejagnu/dejagnu-1.4.4.tar.gz
MD5 sum: 053f 18f d5d00873de365413cabl17a666

* Diffutils (3.0) - 1,781 KB:

Home page: http://www.gnu.or g/softwar e/diffutils/
Download: http://ftp.gnu.org/gnu/diffutils/diffutils-3.0.tar.gz
MD5 sum: 684aabalbaab743a2a90e52162f f 07da

» E2fsprogs (1.41.14) - 4,406 KB:

Home page: http://e2fsprogs.sour ceforge.net/

Download: http://prdownloads.sour cefor ge.net/e2fsprogs/e2fsprogs-1.41.14.tar.gz
MD5 sum: 05f 70470aea2ef 7ef bb0845b2b116720

* Expect (5.45) - 614 KB:

Home page: http://expect.sour cefor ge.net/

Download: http://prdownloads.sour cefor ge.net/expect/expect5.45.tar.gz
MD5 sum: 44ela4df 4c877e9ddc5a542df a7ecc92b

* File (5.05) - 583 KB:

Home page: http://mww.darwinsys.com/file/

Download: ftp://ftp.astron.com/publ/file/file-5.05.tar.gz
MD5 sum: 0b429063710457be2bd17a18389¢chb018

Note

File (5.05) may no longer be available at the listed location. The site administrators of the master
download location occasionally remove older versions when new ones are released. An alternative
download location that may have the correct version available can also be found at: http://mww.
linuxfromscratch.or g/lfs’downl oad.html#ftp.

16


http://www.gnu.org/software/binutils/
http://ftp.gnu.org/gnu/binutils/binutils-2.21.tar.bz2
http://www.gnu.org/software/bison/
http://ftp.gnu.org/gnu/bison/bison-2.4.3.tar.bz2
http://www.bzip.org/
http://www.bzip.org/1.0.6/bzip2-1.0.6.tar.gz
http://www.gnu.org/software/coreutils/
http://ftp.gnu.org/gnu/coreutils/coreutils-8.10.tar.gz
http://www.gnu.org/software/dejagnu/
http://ftp.gnu.org/gnu/dejagnu/dejagnu-1.4.4.tar.gz
http://www.gnu.org/software/diffutils/
http://ftp.gnu.org/gnu/diffutils/diffutils-3.0.tar.gz
http://e2fsprogs.sourceforge.net/
http://prdownloads.sourceforge.net/e2fsprogs/e2fsprogs-1.41.14.tar.gz
http://expect.sourceforge.net/
http://prdownloads.sourceforge.net/expect/expect5.45.tar.gz
http://www.darwinsys.com/file/
ftp://ftp.astron.com/pub/file/file-5.05.tar.gz
http://www.linuxfromscratch.org/lfs/download.html#ftp
http://www.linuxfromscratch.org/lfs/download.html#ftp

* Findutils (4.4.2) - 2,100 K B:

Home page: http://mww.gnu.or g/softwar e/findutils/

Download: http://ftp.gnu.org/gnu/findutils/findutils-4.4.2.tar.gz
MD5 sum: 351cc4adb07d54877f al5f 75f b77d39f

* Flex (2.5.35) - 1,227 KB:

Home page: http://flex.sour ceforge.net

Download: http://prdownloads.sour ceforge.net/flex/flex-2.5.35.tar.bz2
MD5 sum: 10714e50cea54dc7a227e3eddcd44d57

» Gawk (3.1.8) - 1,938 KB:

Home page: http://mww.gnu.or g/softwar e/gawk/
Download: http://ftp.gnu.org/gnu/gawk/gawk-3.1.8.tar .bz2
MD5 sum: 52b41c6c4418b3226df b8f 82076193bb

* GCC (4.5.2) - 64,774 KB:

Home page: http://gcc.gnu.org/

Download: http://ftp.gnu.org/gnu/gcc/gec-4.5.2/gec-4.5.2.tar .bz2
MD5 sum: d6559145853f baaaOf d7556ed93bce9a

* GDBM (1.8.3) - 223 KB:

Home page: http://mww.gnu.or g/softwar e/gdbnm/
Download: http://ftp.gnu.org/gnu/gdbnvygdbm-1.8.3.tar.gz
MD5 sum: 1d1b1d5c0245b1c00af f 92da751e9aal

* Gettext (0.18.1.1) - 14,785 K B:

Home page: http://mwww.gnu.or g/softwar e/gettext/

Download: http://ftp.gnu.org/gnu/gettext/gettext-0.18.1.1.tar.gz
MD5 sum: 3dd55b952826d2b32f 51308f 2f 91aa89

* Glibc (2.13) - 15,357 KB:

Home page: http://www.gnu.org/software/libc/

Download: http://ftp.gnu.org/gnu/glibc/glibc-2.13.tar.bz2
MD5 sum: 38808215a7c40aalbb47a5e6d3d12475

* GMP (5.0.1) - 1,959 KB:

Home page: http://www.gnu.or g/softwar e/gmp/

Download: http://ftp.gnu.org/gnu/gmp/gmp-5.0.1.tar.bz2
MD5 sum: 6bac6df 75¢192a13419df d71d19240a7

* Grep (2.7) - 1,466 KB:

Home page: http://www.gnu.or g/software/grep/
Download: http://ftp.gnu.org/gnu/grep/grep-2.7.tar.gz
MD5 sum: e848f 07e3e79aa7899345d17c7e4115e
» Groff (1.21) - 3,774 KB:

Home page: http://mww.gnu.or g/softwar e/gr off/
Download: http://ftp.gnu.org/gnu/groff/groff-1.21.tar.gz
MD5 sum: 8b8cd29385b97616a0f 0d96d0951c5bf
* GRUB (1.98) - 2,392 KB:

Home page: http://mww.gnu.or g/software/grub/
Download: ftp://alpha.gnu.org/gnu/grub/grub-1.98.tar.gz
MDS5 sum: cObcf 60e524739bb64e3a2d4e3732a59
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* Gzip (1.4) - 886 KB:

Home page: http://www.gnu.or g/softwar e/gzip/

Download: http://ftp.gnu.org/gnu/gzip/gzip-1.4.tar.gz
MD5 sum: e381b8506210c794278f 5527chbale765

* lana-Etc (2.30) - 201 KB:
Home page: http://freshmeat.net/projects/iana-etc/

Download: http://anduin.linuxfromscratch.or g/sour ces/LF Slfs-packages/congl omer ation//iana-etc/iana-etc-2.30.
tar.bz2

MD5 sum: 3ba3af b1d1b261383d247f 46cb135ee8

* Inetutils (1.8) - 1,810 KB:

Home page: http://www.gnu.or g/softwar e/inetutils/
Download: http://ftp.gnu.org/gnu/inetutils/inetutils-1.8.tar.gz
MD5 sum: ad8f dcdf 1797b9ca258264a6b04e48f d

* IPRoute2 (2.6.37) - 380 KB:

Home page: http://Mmww.linuxfoundation.or g/collabor ate/wor kgr oups/networ king/iproute2
Download: http://devresour ces.linuxfoundation.or g/dev/iproute2/downl oad/i proute2-2.6.37.tar .bz2
MD5 sum: 9774f f 9d74ebd301bf 56bd8d74473786

* Kbd (1.15.2) - 1,520 KB:
Download: http://Mmww.ker nel.org/pub/linux/utils/kbd/kbd-1.15.2.tar.gz
MD5 sum: 77d0b51454522bc6c170bbdc6e31202a

* Less (436) - 297 KB:

Home page: http://www.greenwoodsoftwar e.convless/

Download: http://Amww.greenwoodsoftwar e.convless/less-436.tar.gz
MD5 sum: 817bf 051953ad2dea825alcdf 460caa4

* LFS-Bootscripts (20100627) - 43 KB:
Download: http://mwww.linuxfromscratch.or g/lfs’"downl oads/6.8/Ifs-bootscripts-20100627 .tar .bz2
MD5 sum: 8260bdb271caa3b538f 8e95f 65998864

* Libtool (2.4) - 2,520 KB:

Home page: http://www.gnu.or g/softwar e/libtool/
Download: http://ftp.gnu.org/gnu/libtool/libtool-2.4.tar.gz
MD5 sum: b32b04148ecdd7344abc6f e8bd1bb021

* Linux (2.6.37) - 71,854 KB:

Home page: http://www.kernel.org/

Download: http://www.ker nel.org/pub/linux/ker nel/v2.6/linux-2.6.37.tar .bz2
MD5 sum: c8ee37b4f dccdb651e0603d35350b434

Note

The Linux kernel is updated relatively often, many times due to discoveries of security vulnerabilities.
The latest available 2.6.37.x kernel version should be used, unless the errata page says otherwise.

For users with limited speed or expensive bandwidth who wish to update the Linux kernel, a baseline
version of the package and patches can be downloaded separately. This may save some time or cost for a
subsequent patch level upgrade within aminor release.
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*M4(1.4.15) - 1,099 KB:

Home page: http://www.gnu.or g/software/mé4/

Download: http://ftp.gnu.org/gnu/md/mé4-1.4.15.tar .bz2
MD5 sum: c7¢32540bc3842d5550f 88d47ef 551d8

* Make(3.82) - 1,213 KB:

Home page: http://mww.gnu.or g/softwar e/make/
Download: http://ftp.gnu.org/gnu/make/make-3.82.tar .bz2
MD5 sum: 1a11100f 3¢c63f cf 5753818e59d63088f

* Man-DB (2.5.9) - 2,312 KB:

Home page: http://www.nongnu.org/man-db/

Download: http://download.savannah.gnu.or g/rel eases/man-db/man-db-2.5.9.tar.gz
MD5 sum: 9841394f 5¢5f e7e2dd2e0c5f b4766d0f

» Man-pages (3.32) - 1,108 KB:

Home page: http://mww.ker nel.org/doc/man-pages/

Download: http://Mmww.ker nel.or g/pub/linux/docs/manpages/man-pages-3.32.tar .bz2
MD5 sum: 1278¢c5289660e42a597f ef d30d9bdcf O

* Module-Init-Tools (3.12) - 917 KB:

Home page: https://modul es.wiki.kernel .org/index.php/Module_init_tools 3 12

Download: http://www.ker nel.org/pub/linux/util §/ker nel/modul e-init-tool ymodul e-init-tool s-3.12.tar .bz2
MD5 sum: 8b2257ce9abef 74c4a44d825d23140f 3

* MPC (0.8.2) - 536 KB:

Home page: http://www.multiprecision.org/

Download: http://Amww.multiprecision.org/mpc/downl oad/mpc-0.8.2.tar.gz
MD5 sum: €98267ebd5648a39f 881d66797122f b6

* MPFR (3.0.0) - 1,112 KB:

Home page: http://www.mpfr.org/

Download: http://www.mpfr.org/mpfr-3.0.0/mpfr-3.0.0.tar.bz2
MD5 sum: f 45bac3584922¢c8004a10060ab1a8f 9f

* Ncurses (5.7) - 2,388 KB:

Home page: http://www.gnu.or g/softwar e/ncur ses/
Download: ftp://ftp.gnu.org/gnu/ncur ses/ncur ses-5.7.tar.gz
MD5 sum: cceO5daf 61a64501ef 6cd8dalf 727ec6

e Patch (2.6.1) - 248 KB:

Home page: http://savannah.gnu.or g/projects/patch/
Download: http://ftp.gnu.org/gnu/patch/patch-2.6.1.tar.bz2
MD5 sum: 0818d1763ae0c4281bcdc63cdac0b2c0

* Perl (5.12.3) - 11,759 KB:

Home page: http://mww.perl.org/

Download: http://mww.cpan.org/src/5.0/perl-5.12.3.tar.bz2
MD5 sum: 72f 3f 7e1c700e79bbf 9d9279ca5b42d9
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 Pkg-config (0.25) - 966 K B:

Home page: http://pkg-config.freedesktop.org/

Download: http://pkgconfig.freedesktop.org/rel eases/pkg-config-0.25.tar.gz
MD5 sum: a3270bab3f 4b69b7dc6dbdacbcae9745

* Procps(3.2.8) - 279 KB:

Home page: http://procps.sour ceforge.net/

Download: http://procps.sour ceforge.net/procps-3.2.8.tar.gz
MD5 sum: 9532714b6846013ca9898984ba4cd7e0

* Psmisc (22.13) - 373 KB:

Home page: http://psmisc.sour ceforge.net/

Download: http://prdownloads.sour cefor ge.net/psmisc/psmisc-22.13.tar.gz
MD5 sum: e2¢339e6b65b730042084023784a729%¢

* Readline (6.2) - 2,225 KB:

Home page: http://cnswww.cns.cwr u.edu/php/chet/readline/rItop.html
Download: http://ftp.gnu.org/gnu/readline/readline-6.2.tar.gz

MD5 sum: 67948achb2ca081f 23359d0256e9a271c

* Sed (4.2.1) - 878 KB:

Home page: http://mww.gnu.or g/softwar e/sed/

Download: http://ftp.gnu.org/gnu/sed/sed-4.2.1.tar .bz2
MD5 sum: 7d310f bd76e01a01115075c1f d3f 455a

» Shadow (4.1.4.3) - 1,762 KB:

Home page: http://pkg-shadow.alioth.debian.org/

Download: ftp://pkg-shadow.alioth.debian.or g/pub/pkg-shadow/shadow-4.1.4.3.tar.bz2
MD5 sum: b8608d8294ac88974f 27b20f 991c0e79

» Sysklogd (1.5) - 85 KB:

Home page: http://mwww.infodrom.org/projects/sysklogd/

Download: http://www.infodrom.or g/pr oj ects/sysklogd/downl oad/sysklogd-1.5.tar.gz
MD5 sum: e053094e8103165f 98ddaf e828f 6ae4db

* Sysvinit (2.88dsf) - 108 K B:

Home page: http://savannah.nongnu.or g/projects/sysvinit

Download: http://download.savannah.gnu.or g/r el eases/sysvinit/sysvinit-2.88dsf.tar.bz2
MD5 sum: 6eda8a97b86e0a6f 59dabbf 25202aa6f

e Tar (1.25) - 2,273 KB:

Home page: http://mwww.gnu.or g/softwar e/tar/

Download: http://ftp.gnu.org/gnu/tar/tar-1.25.tar.bz2
MD5 sum: 6e497f 861c77bbba2f 7da4e10270995b

* Tcl (85.9) - 4,365 K B:

Home page: http://tcl.sourceforge.net/

Download: http://prdownloads.sour cefor ge.net/tcl/tcl8.5.9-src.tar.gz
MD5 sum: 8512d8db3233041dd68a81476906012a
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